The main purpose of this paper is to study the reliability due to the employment of distributed generations (DG) integrated to distribution system. The system under this study is from Provincial Electricity Authority (PEA) that is a part of Thailand's distribution system. Data of geographic information systems (GIS) including the distance of distribution line and location of load that are parameter of PEA is simulated using digital simulation and electrical network calculation program (DIgSILENT) to analyze the impact of reliability with the installing DG into the distribution system. The system average interruption frequency index (SAIFI), the system average interruption duration index (SAIDI) and interruption cost are assessed as index of reliability by comparing the SAIFI, SAIDI, and interruption cost between the base case (no DG) and the case that DG connected to the distribution system. The results can be summarized by focusing on location of DG, the capacity of DG, the size of load, and the distance of load which are factors able to impact to SAIFI, SAIDI, and interruption cost.
Introduction
Nowadays, the distributed generation (DG) is connected into the distribution system; there are many issues [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] that may cause the technical impacts to the distribution system. Reliability is one of problems that are interested based on studies research papers related to this subject. In the literature [1, 2] , this paper proposed a method to analyze and evaluate the reliability of the transmission equipment in the electrical system when installing the generator to a distributed system as a case study. The value of the damage (Failure Rates) is calculated in [3] [4] [5] [6] [7] [8] which analyzes and compares the reliability of the power system in the different case studies. In the literature [9, 10] , the authors use a Monte Carlo Simulation to random the location of generator in distributed system, and then determine the reliability of the power system. The paper mainly focuses on analyzing and evaluating the reliability in order to improve the reliability of power system but not for analyzing in terms of the interruption cost in case of power failure. This paper studies the impact of reliability when a distributed generator (DG) is installed into the distribution system. The system under this study is from Provincial Electricity Authority (PEA) that is a part of Thailand's distribution system. DIgSI-LENT power factory is employed to simulate and analyse the SAIFI, SAIDI and interruption cost when distributed generation (DG) is connected to 22kV distribution system.
Distribution Reliability Indices
Because of customer satisfaction, the utility of individual customers to get the best service with the least amount of power failure is important. The majority of customer reliability problem is caused by distribution system. Utilities often monitor the reliability of customers by using a reliability index. Therefore, calculating the reliability index is interesting for their customers. The use of index to indicate the average number of times of the power failure and power outage per year per one customer makes it possible to compare between different systems and can also be targeted. The most common customer reliability indices are:
System Average Interruption Frequency Index (SAIFI)
System Average Interruption Duration Index (SAIDI)
where, i λ is the failure rate or interruption events N i is the number of customers served of node i U i is the restoration time or customer interruption durations of node i n k is the total number of load points in the study area n h is the total number of outages that lead to power interruption at load point k L k is the magnitude of the load curtailed in MW at load point k r h is duration of the contingency h C hk is the cost of an outage contingency of duration r h λ h is the failure rate of the equipment
Power System Simulation using DIgSILENT
The scheme under investigation is part of Thailand's electricity distribution system. DIgSILENT powerfactory is employed to simulate and analyse the reliability when distributed generation (DG) is connected to 22 kV distribution systems as shown in Figure 1 . Data of geographic information systems (GIS) including the distance of distribution line and location of load that are parameter of PEA are shown in Table 1 . From Figure 1 , it can be seen that there are 8 buses from substation (Sub_Chokchai) and load of each bus that is connected between distribution lines. To study the reliability, simulations were performed with various changes as follows:
-A number of distributed generators are no DG and with DG.
-The location of distributed generators are designated on any bus of distribution system and installed between buses of distribution system.
-The capacity of DG is 2 MVA, 4 MVA, 6 MVA, and 8 MVA installed at the distribution system.
Impact of DG for Reliability
The objective of this paper is to study the impact of reliability when distributed generation is connected to distribution system. The impact of DG is divided into 3 indices in order to evaluate the reliability of system. The SAIFI, SAIDI and Interruption cost of the base case (no DG) and with DG is compared. The results are shown in Table 2 and Table 3 .
The first index, the SAIFI of base case (no DG) is 16.7464 times/customer/year while the SAIFI of PEA regulation must be changed lower than 17.34 times/customer/year. So the SAIFI will be compared with DG at each bus as shown in Table 2 . The results shown that, when location of DG is considered by installing at bus 1, 2 and 3, the SAIFI is equal to the case of the base case (no DG). Likewise, when the DG is installed at bus 4, bus 5, bus 6, bus 7, and bus 8, it can be seen that the SAIFI decreases. This indicates that utility has benefit from employing DG.
In addition, when capacity of DG is considered with 2 MVA, 4 MVA, 6 MVA and 8 MVA that is installed at each bus, the SAIFI is lower than the base case (no DG) except for the case that the capacity of DG is 8 MW and installation location is at bus 5 and bus 7. It is noticed that, when the capacity of DG is increased, SAIFI tends to decrease so reliability of distribution system will be improved. This also indicates that capacity of DG and location of DG play an important role for reliability in such a system. The second index, the SAIDI of base case (no DG) is 21.064 hour/customer/year while the SAIDI of PEA regulation must be changed lower than 19.55 hour/cus -tomer/year. Similarly, capacity of DG and location of DG is considered so the behavior of SAIDI is shown in Table 2 . The results show that, when location of DG is considered by installing at bus 1, 2 and 3, the SAIDI is equal to the case of the base case (no DG). Likewise, when the DG is installed at bus 4, bus 5, bus 6, bus 7 and bus 8, it can be seen that the SAIDI is also decreased as same as SAIFI. This indicates that utility has still benefit from employing DG.
The capacity of DG is also considered; it is noticed that when the capacity of DG is increased, SAIDI tends to decrease as same as SAIFI. This also indicates that capacity of DG, location of DG, location of load, and size of load play an important role for reliability.
The third index, the interruption cost of base case (no DG) is 147,351 U.S. Dollar /year. Similarly, capacity of DG and location of DG are also considered; the obtained results for interruption cost are given in Table 2 .
The results show that, when capacity of DG and location of DG is considered by installing at bus 1 to bus 3, the interruption cost is increased and more than the base case (no DG) due that the size of load is large so average hours service availability of customer is decreased and the failure rate of the equipment (λ) in equation 3 will be increased. Likewise, when the DG is installed at bus 4, bus 5, bus 6, bus 7 and bus 8, it can be seen that the interruption cost is decreased except for the capacity of DG is less than 2 MVA. This also indicates the slight mismatch between DG capacity and size of load. It is clearly seen for the cases that, when interruption cost is considered and the capacity of DG is 8 MVA which is installed at bus 7 and the size of load is 0.58 MW, the interruption cost is significantly increased.
From Table 3 , it can be seen that the reliability index obtained from the base case as same as case of DG is installed on any bus will be compared with DG that is installed between bus. The first index, the SAIFI of base case (no DG) is still 16.746 times/customer/year and the SAIFI of PEA regulation is also 17.34 times/customer/ year. The results show that, when location of DG is considered by installing between bus 1-bus 2, bus 1-bus 3, the SAIFI is equal to the base case (no DG) and case of DG installed on any bus. Likewise, when the other case of DG in Table 3 is considered, it can be seen that the SAIFI is decreased and less than the base case but has value nearby the case of DG installed on any bus for the most cases except for the case that the capacity of DG is 8 MW and DG location is between bus5-bus 7 with load of 0.58 MW. This also indicates that capacity of DG, location of DG, location of load, and size of load play an important role for reliability.
The second index, the SAIDI of base case (no DG) is still 21.064 hour/customer/year while the SAIDI of PEA regulation is also 19.55 hour/customer/year. Similarly, capacity of DG and location of DG are considered and the behavior of SAIDI is shown in Table 3 . The results show that, when location of DG is considered and installed at bus 1, 2 and 3, the SAIDI is equal to that of the base case (no DG). Likewise, when the DG is installed at bus 4, bus 5, bus 6, bus 7 and bus 8, it can be seen that the SAIDI is also decreased as same as SAIFI. This indicates that utility has still benefit from employing DG. In addition, when capacity of DG is considered, it is noticed that when the capacity of DG is increased, SAIDI tends to decrease as same as SAIFI.
The third index, the interruption cost of base case (no DG) is still 147,351 U.S. Dollar/year. Similarly, capacity of DG and location of DG are also considered and the obtained results from interruption cost are shown in Table 3. The results show that, the interruption cost tends to decrease as same as the case of DG installed at bus. However, when the interruption cost is compared between DG installed at bus and installed between buses, it can be seen that the interruption cost of DG installed between buses is lower than that of the DG installed at bus. This also indicates the slight mismatch between DG location and size of load.
Conclusions
This paper focuses on the analysis of reliability with the inclusion of DG. The system average interruption frequency index (SAIFI), the system average interruption duration index (SAIDI), and interruption cost are assessed as index of reliability by comparing the SAIFI, SAIDI, and interruption cost between the base case (no DG) and the case that DG connected to the distribution system. The results can be summarized by focusing on the location of DG, the capacity of DG, the size of load, and the distance of load which are factors able to impact to SAIFI, SAIDI, and interruption cost as shown in Tables 2-3. Both the location of DG and the capacity of DG must take into account to reach optimal condition in order to create the suitability and fairness for both utility and DG.
